Abstract. Estrogen receptor (ER) and progesterone receptor (PgR) status are predictive factors for the clinical and pathological response to neoadjuvant chemotherapy for operable breast cancer. However, it remains unclear as to how the proportion of ER-positive or PgR-positive tumor cells affects the response to neoadjuvant chemotherapy. We examined the correlation of the proportion of ER-positive or PgR-positive tumor cells with the clinical and pathological response to neoadjuvant chemotherapy for operable human epidermal growth factor receptor 2 (HER2)-negative breast cancer. From April 2002 to October 2010, 103 patients received neoadjuvant chemotherapy containing epirubicin and taxane in our clinic. A clinical response was observed in 86 (83%) patients, and a pathological complete response (pCR) was observed in 16 (16%) patients. Fourteen (30%) of 46 patients with ER-negative tumors achieved pCR and 15 (26%) of 57 patients with PgR-negative tumors achieved pCR. Patients with more than 30% ER-positive tumor cells or more than 1% PgR-positive tumor cells did not achieve pCR. No significant correlation was observed between pCR and the menopausal status, tumor size, grade and Ki-67 expression. In univariate analysis, pCR was associated with the ER status (p=0.001), PgR status (p=0.0001) and chemotherapy regimens (p=0.03). Multivariate analysis revealed that ER and PgR status were significant factors for pCR, and patients with ER-negative tumors were 18.6 times more likely to achieve pCR than those with greater than or equal to 30% ER-positive tumor cells (p=0.006; 95% confidence interval 2.3-149.9). We demonstrated a predictive significance of the proportion of ER-positive or PgR-positive tumor cells in the response to neoadjuvant chemotherapy for operable HER2-negative breast cancer. ER-negativity (<1%) was a significant predictive factor for achieving pCR in multivariate analysis. Conversely, patients with more than 30% ER-positive tumor cells or more than 1% PgR-positive tumor cells may not achieve pCR.
Introduction
Neoadjuvant chemotherapy is often used in the treatment of large, operable, locally advanced breast cancers. This therapy successfully reduces tumor size in most patients and may enable them to consider breast-conserving therapy rather than mastectomy (1) (2) (3) (4) (5) (6) . In addition, it may permit patients with large inoperable tumors to undergo mastectomy. This approach has not provided a survival advantage as compared to postoperative adjuvant therapy (1,2,4-7). However, patients achieving a pathological complete response (pCR) have a substantially improved disease-free survival (DFS) and overall survival (OS) compared to those with residual disease (8) (9) (10) (11) (12) (13) .
Estrogen receptor (ER) status is an important predictive factor to achieve pCR in neoadjuvant chemotherapy for operable breast cancer (14) (15) (16) (17) (18) . Several reports have demonstrated that patients with ER-negative tumors (<10% ER-positive tumor cells) are more likely to achieve pCR than those with ER-positive tumors for neoadjuvant chemotherapy for operable breast cancer (14, 15) . Other studies have reported that patients with ER-absent tumors (0% ER-positive tumor cells) are more likely to achieve pCR than those with ER-positive tumors (the presence of any detectable positive-staining tumor cells) (16) (17) (18) .
Recently, the definition of hormone receptor positivity has changed. The cutoff point of 10% for ER or progesterone receptor (PgR) immunohistochemistry has been the global standard until recently. In the 2009 St. Gallen consensus meeting, the panel recommended the inclusion of adjuvant endocrine therapy for almost all patients whose tumors showed evidence of endocrine responsiveness (presence of any detectable ER). Furthermore, the American Society of Clinical Oncology and the College of American Pathologists (ASCO/ CAP) recommended that ER and PgR assays are considered positive when there are at least 1% positive tumor nuclei in the sample (19) .
How the proportion of ER-positive or PgR-positive tumor cells affects the response to neoadjuvant chemotherapy for operable breast cancer remains unclear. The purpose of this study was to examine the correlation between the proportion ). The patients underwent surgery for the following conditions: after completion of neoadjuvant chemotherapy; when the tumors continued to be progressive under concurrent therapy of epirubicin and docetaxel; when the tumors continued progression after taxane was administered, in cases where therapy with 5-fluorouracil, epirubicin and cyclophosphamide was ineffective.
Evaluation of the response to chemotherapy. We evaluated the clinical response of primary breast cancer and axillary lymph nodes using ultrasonography, according to the Response Evaluation Criteria in Solid Tumors (21) : complete response (CR), disappearance of all target lesions; partial response (PR), a decrease of ≥30% in the diameter of the target lesion; progressive disease (PD), an increase of ≥20% in the diameter of the target lesion; and stable disease (SD), neither sufficient shrinkage to qualify for PR nor sufficient increase to qualify for PD.
Pathological response was evaluated according to the following definition: pCR was defined as the complete disappearance of cancer cells from the breast stroma. A nonpathological complete response (non-pCR) was defined as the presence of pathological residues of cancer cells in the breast stroma. However, the outcomes of the axillary lymph nodes were not taken into account.
Pathological examination and immunohistochemistry.
Pathological evaluation was performed on patients at the Department of Clinical Pathology, Kumamoto City Hospital. Our pathologists analyzed samples obtained by core needle biopsy prior to starting chemotherapy, as well as those obtained from surgical resection. Formalin-fixed, paraffin-embedded tissue blocks were prepared and stained immunohistochemically for the expression of ER and PgR, the HER2 receptor, p53 and Ki-67 (22) . The slides were incubated with a diluted anti-ER primary antibody (1:75; Dako, Glostrup, Denmark), a diluted anti-PgR primary antibody (1:700; Dako), a diluted anti-p53 primary antibody (1:50; Japan Tanner, Osaka, Japan) and a HER2/neu oncoprotein antibody (Herceptest; Dako). The Dako EnVision system (Dako EnVision labeled polymer, peroxidase) or the Benchmark XT system (Ventana Medical System, AZ, USA) were used as the detection systems for ER, PgR and HER2.
Investigated parameters included tumor size, lymph node status, histological grade, ER and PgR status, proliferation index (Ki-67), as well as expression of HER2 and p53. The proportion of ER-positive and PgR-positive tumor cells was expressed as a percentage. The positivities of the ER and PgR were defined as ≥1% according to ASCO/CAP (19) . After patient distribution according to the proportion of receptor-positive tumor cells was examined and compared to the distribution of patients achieving pCR, the patients were classified into groups at appropriate cutoff points. Ki-67 values were expressed as the percentage of positive staining cells in each case and were classified into two groups based on the percentage of positive nuclei: >20 and ≤20%. p53 expression was categorized into three groups: negative (absent or focal staining with <5% tumor cells), 1+ (heterogeneous or focal staining with >5% tumor cells) and 2+ (homogeneous and diffuse staining). HER2 overexpression was defined as the strong and diffuse membranous staining of tumor cells. HER2-2+ staining was tested by fluorescence in situ hybridization, with a threshold for positive HER2/CEP17 ratio of >2.0.
Statistical analyses. The influence of tumoral pre-operative baseline characteristics on the likelihood of achieving pCR was tested using the Chi-square or Fisher's exact test. Independent significance of variables was analyzed using a multivariate logistic regression model with a step-up procedure. Odds ratios, 95% confidence intervals (CIs) and p-values were estimated from the final model. The Kaplan-Meier method was used for the assessment of DFS and OS. The log-rank test was used to examine the statistical significance of the differences between groups. Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 18.0 for Windows (SPSS Japan Inc./IBM Company, Tokyo, Japan). (Fig. 1) . Of the 57 patients with ER-positive tumors, 38 (67%) had tumors with ≥90% ER-positive cells (Fig. 1) . Of the 103 patients, 57 (55%) were PgR-negative and 46 (45%) were PgR-positive (Fig. 2) .
Results

Patient distribution according to the proportion of ER-
Response to neoadjuvant chemotherapy. Pathologically, 16 (16%) patients had no residual disease after chemotherapy. Of 16 patients with pCR in the breast, 3 had positive lymph nodes. Fourteen (30%) of the 46 patients with ER-negative tumors achieved pCR and 15 (26%) of the 57 patients with PgR-negative tumors achieved pCR following neoadjuvant chemotherapy (Table I) . Although one patient with 30% ER-positive cells achieved pCR, none of the patients with >30% ER-positive cells or >1% PgR-positive cells achieved pCR ( Figs. 1 and 2) .
All groups demonstrated a good clinical response to neoadjuvant chemotherapy regardless of their ER status (Table II) Predictive factors for pCR. In univariate analysis, pCR was associated with ER status (p=0.001), PgR status (p=0.0001) and chemotherapy regimens (p=0.03) ( Table I) . No significant ET, concurrent epirubicin and docetaxel; FEC-T, 5-fluorouracil, epirubicin and cyclophosphamides followed by taxane. difference in the pCR rate was observed according to menopausal status, clinical tumor size, nodal status, histological grade and Ki-67 or p53 expression (Table I) .
A multivariate analysis was performed using the ER status, PgR status and chemotherapy regimens. ER and PgR status correlated with pCR following neoadjuvant chemotherapy using the step-up procedure. Patients with ER-negative tumors were 18.6 times more likely to achieve pCR than those with ≥30% ER-positive tumor cells (p= 0.006; 95% CI 2.3-149.9) (Table III) .
Survival. At a median follow-up of 40.5 months, the 5-year DFS in all patients was 60% and the 5-year OS was 89%. One patient who achieved pCR following neoadjuvant chemotherapy relapsed and died during the follow-up period. The 5-year DFS in patients who achieved and in those who did not achieve pCR following neoadjuvant chemotherapy was 55 and 91%, respectively (Fig. 3) . The 5-year OS in patients who achieved and in those who did not achieve pCR following neoadjuvant chemotherapy was 89 and 93%, respectively (Fig. 4 ). There were trends in improvement in the DFS of patients who achieved pCR, however, they did not reach statistically significant values (p=0.06; Fig. 3 ). When patients with ER-negative and ER-positive tumors were examined separately, the patients who achieved pCR showed an improved DFS and OS compared to those with residual diseases, but no significant differences were observed between them (Figs. 5 and 6).
Discussion
We retrospectively investigated several pathological factors to examine the correlation between the proportion of ER-positive or PgR-positive tumor cells and the clinicopathological response to neoadjuvant chemotherapy for HER2-negative operable breast cancer. In multivariate analysis, ER-or PgR-negativity was a significant predictive factor to achieve pCR. Patients with more than 30% ER-positive tumor cells or more than 1% PgR-positive tumor cells did not achieve pCR. Most patients achieved a favorable clinical response to neoadjuvant chemotherapy for operable breast cancer regardless of the proportion of ER-positive or PgR-positive tumor cells.
Our results are in accordance with the findings of Colleoni et al that ER-absent tumors were more predictive than ER-low tumors (1-9%) in achieving pCR following neoadjuvant chemotherapy for breast cancer. They demonstrated that patients with ER-absent and PgR-absent tumors were 12 times more likely to achieve pCR than those with ER-positive and PgR-positive tumors or ER-low tumors (16) (17) (18) . In addition, they described that approximately two-thirds of ER-negative patients belonged to the ER-absent group, and one-third to the ER-low group. Moreover, the pCR rate of ER-absent patients was 19.4%, but the pCR rate of ER-low patients was 2.8%. On the other hand, other studies related to the predictive factors of neoadjuvant chemotherapy demonstrated that patients with ER-negative tumors were more likely to achieve pCR than those with ER-positive tumors. However, these studies did not distinguish ER-absent patients from ER-low patients among the ER-negative breast cancer patients (5, 9, 14, 15) .
In addition, our results suggest that the proportion of ER-positive or PgR-positive tumor cells is a predictive factor for non-pCR in neoadjuvant chemotherapy. Patients with more than 30% of ER-positive tumor cells or more than 1% of PgR-positive tumor cells did not achieve pCR in this study. These data may be critical to achieve pCR in neoadjuvant chemotherapy for operable breast cancer.
In pre-operative strategies for HER2-negative breast cancer, the proportion of ER-positive tumor cells is extremely important. If we distinguish ER-positive tumors into those with values of ER-positive cells less than 30% and those having values greater than or equal to 30%, HER2-negative breast cancer consists of three groups: triple-negative breast cancers (TNBCs), ER low-positive tumors and ER highly positive tumors. Chemotherapy is the only treatment for TNBCs. It aims to reduce tumor size and prevent mastectomy, prevent tumor recurrence after surgery or obtain information regarding chemosensitivity in vivo. Chemotherapy is also a potent strategy for ER low-positive tumors. If the aim of neoadjuvant chemotherapy is to reduce tumor size and avoid mastectomy, the treatment must be useful for ER low-positive tumors despite the extremely low pCR rate. This is because neoadjuvant chemotherapy successfully reduces clinical tumor size (Table I) . Hormonal therapy may be unsuccessful in treating ER low-positive breast cancer. However, postoperative additional hormonal therapy for ER low-positive breast cancer may prevent tumor recurrence as a more favorable prognosis for tumors with 1% positive-staining tumor cells when treated with tamoxifen has been reported in one study (23) . In addition, neoadjuvant chemotherapy can be used for ER highly positive breast cancer as the treatment effectively reduced clinical tumor size avoiding mastectomy (Table II) .
Patients with values of ER-positive cells greater than or equal to 90% also achieved a good clinical response to neoadjuvant chemotherapy (data not shown). However, neoadjuvant hormonal therapy may be preferred if it reduces tumor size and mastectomy is avoided without cytotoxic chemotherapy. Moreover, surgery followed by adjuvant hormonal therapy may be a preferable alternative for treating operable breast cancer. This is because most patients with highly endocrineresponsive tumors do not require adjuvant chemotherapy.
The survival data revealed in this study were different from those of other studies. pCR following neoadjuvant chemotherapy was not statistically associated with improved DFS in our study; however, other studies have demonstrated a statistical difference (14) . There was only a slight trend in improvement in the DFS of patients who achieved pCR in our study. Based on the DFS curve according to pCR, the difference may reach a significant value with an increase in the number of patients. In addition, we did not find a statistical difference in DFS or OS according to ER status, although other studies showed that patients with ER-negative tumors achieved a statistically worse DFS or OS (14) . Conversely, our patients with ER-negative tumors showed a better prognosis probably as patients with HER2-positive tumors were not included among the ER-negative patients. In the event the data from other studies included HER2-positive patients treated with neoadjuvant chemotherapy without trastuzumab, HER2 disease may have lowered the survival curves.
It is difficult to explain why patients with ER-positive tumors rarely achieved pCR. To understand this phenomenon, we hypothesize that each ER-positive tumor cell is insensitive to cytotoxic chemotherapy. In other words, cytotoxic chemotherapy is effective only for ER-negative tumor cells. Our results showed that all postmenopausal patients achieving pCR were ER-negative (data not shown). In postmenopausal patients, the effectiveness of chemotherapy must be purely cytotoxic. Of all the pre-menopausal patients, the majority of patients with pCR were ER-negative, and only 2 patients with pCR were ER-positive (15 and 30%). It is known that chemotherapy not only has a cytotoxic effect, but also a hormonal effect in premenopausal patients. This indicates that the ovarian function suppression induced by chemotherapy possibly encouraged the achievement of pCR in pre-menopausal ER-positive patients with few positive tumor cells.
We demonstrated a predictive significance of the proportion of ER-positive or PgR-positive tumor cells in neoadjuvant chemotherapy for operable HER2-negative breast cancer. ER-or PgR-negativity is a significant predictive factor to achieve pCR in multivariate analysis. Conversely, patients with more than 30% ER-positive tumor cells or more than 1% PgR-positive tumor cells may not achieve pCR. However, pre-menopausal patients with ER low-positive tumors may achieve pCR. In conclusion, most patients achieve favorable clinical responses to neoadjuvant chemotherapy for operable breast cancer regardless of the proportion of ER-positive or PgR-positive tumor cells.
